Abstract Lithium manganese vanadates are synthesized using the sol-gel method. The sol-gel method is a better synthesis method compared to that of the solid state reaction method and usually yields purer and more uniform sized particles. It also uses lower sintering temperatures and shorter time. This will be a savings in terms of costs of the material as heating requires a lot of electrical energy. Precursor materials acquired are subjected to thermal studies and a suitable sintering temperature is chosen in order to achieve pure, single phase compounds. As is well known it is not easy to get pure single phase final products for materials containing vanadium and manganese. From X-Ray diffraction (XRD), the results showed multi phase spinel lithium manganese vanadates. Battery fabrication is done using a composite cathode and a half cell is assembled in an argon filled glove box. Cell testing is done using a constant current charge-discharge procedure. The results show reasonable charge-discharge behaviour but the capacity is a little less than that for LiMn 2 O 4 .
Introduction
There is much interest in manganese and vanadium oxides used in cathode for Li batteries because it is cheaper than LiCoO 2 battery system [1, 2] . Cathode such as LiMn 2 O 4, is the best current candidate among manganese oxides for use as a positive electrode material in rechargeable lithiumion batteries [1, 3] . Vanadium oxide-based materials as a cathode also through intensive research because they are easy to synthesize, have acceptable production cost and have good lithium capacity [4, 5] . Due to this interesting application of manganese and vanadium oxide as cathode, the LiMn 1.9 V 0.1 O 4 was synthesized using a sol-gel method. The charge discharge profile of the material also been studied. 3 , Fluka] were used as starting materials. Stoichiometric amounts of the starting materials were dissolved in an absolute ethanol. The tartaric acid is slowly added to the mixture and stirred until a thick gel at the pH of 5. The mixture was dried slowly at 100 o C to obtain the precursors.
Experimental
Simultaneous Thermogravimetric Analysis (STA), SETARAM SETSYS Evolution 1750 (TG-DSC) was carried out using 15 mg of precursor powders at a heating rate of 10 °C/min in the temperature range of 30 to 1000 °C. From STA results, the annealing temperatures were identified of 650 o C for 24 hours and 850 o C for 24 hours. The annealed samples were then characterized by X-Ray Powder Diffraction (XRD), PANalytical X'Pert Pro MPD to identify the phase formation and the crystallinity of the samples.
The cathode was fabricated by mixing the cathode active material, denka black (DB) and binder. Then the mixture was pressed onto metal grids. The cathode was dried at 200 °C for 24 hours. The assembling of the battery was done Celguard 2400 microporous polylene as a separator, lithium metal as an anode and 1M LiPF 6 (1:1 volume ratio of ethylene carbonate (EC) and dimethylcarbonate (DMC)) as an electrolyte . For the charge-discharge profile studies, the cell was charged up to 4.5 V with 1.5 mA current and discharged to 0.5 V at 0.5 mA current. Chargedischarge profiles of the cells were characterized using Wonatech (WBCS 3000) electrochemical testing equipment. th cycles. This shows that LiMn 2 O 4 suffers from capacity fading during charge-discharge process. For the V substituted materials in Fig.4 (c) , the capacity reduction is about 49 %. It is maybe due to the LiMn 2 O 4 contain in the impure compound is still high. Howeverin Fig.4 (b) , it shows the capacity reduction is not too much which is about 8.1 %. This shows that by substituting of V with annealing temperature of 850 o C for 24 hours, the cycling behaviour can be improved. The low discharge capacity of the materials is believed to be due to the decrease in the Mn 3+ ion as well as the presence of Mn 2 O 3 impurity [6].
Results and Discussion

Conclusions
Spinel V substituted materials are not easy to synthesize. There is still the present of an impurity even for the material heated at a high temperature of 850 o C. According to the battery testing results, the materials are not suitable to be used as a cathode material in lithium ion batteries.
